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VEIN FILTER 

BACKGROUND 

This application claims priority from provisional patent application 60/466,807, 
filed April 30, 2003 and is a continuation-in-part of application serial no. 10/638,846 
filed August 11, 2003 which is a continuation of serial no. 09/883,819, filed June 18, 
2001, now U.S. Patent No. 6,623,506, the entire contents of each of these applications are 
incorporated herein by reference. 
Technical Field 

This application relates to a vascular filter and more particularly to a vein filter for 
capturing blood clots within the vessel. 
Background of Related Art 

Passage of blood clots to the lungs is known as pulmonary embolism. These clots 
typically originate in the veins of the lower limbs and can migrate through the vascular 
system to the lungs where they can obstruct blood flow and therefore interfere with 
oxygenation of the blood. Pulmonary embolisms can also cause shock and even death. 

In some instances, blood thinning medication, e.g. anticoagulants such as 
Heparin, or sodium warfarin can be given to the patient. These medications, however, 
have limited use since they may not be able to be administered to patients after surgery or 
stroke or given to patients with high risk of internal bleeding. Also, this medication 
approach is not always effective in preventing recurring blood clots. 

Therefore, surgical methods to reduce the likelihood of such pulmonary 
embolisms by actually blocking the blood clot fi-om reaching the lungs have been 
developed. One surgical method of treatment involved major surgery where the size of 
the vessel lumen was restricted by placement of ligatures or clips around the vein, e.g. the 
inferior vena cava which transports blood fi-om the lower portion of the body to the heart 
and lungs. This prevented passage of dangerously large blood clots through the vein to 
the lungs. However, this approach is an invasive surgical procedure, requiring an 
abdominal incision and general anesthesia and fi-equently causing vessel thrombosis and 
lower extremity swelling. Also, there is a lengthy patient recovery time and additional 
hospital and surgeon expenses associated with this major surgery. In fact, oftentimes, the 
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patients requiring the surgery are unhealthy and the major surgery and general anesthesia 
poses a risk in and of itself. 

To avoid such invasive surgery, less invasive surgical techniques have been 
developed. These involve the placement of a mechanical barrier in the inferior vena 
cava. These barriers are in the form of filters and are typically inserted through either the 
femoral vein in the patient's leg or the right jugular vein in the patient's neck or arm 
under local anfesthesia. The filters are then advanced intravascularly to the inferior vena 
cava where they are expanded to block migration of the blood clots from the lower 
portion of the body to the heart and lungs. 

These prior filters take various forms. One type of filter is composed of coiled 
wires such as disclosed in U.S. patent nos. 5,893,869 and 6,059,825. Another type of 
filter consists of legs with free ends having anchors for embedding in the vessel wall to 
hold the filter. These filters are disclosed, for example, in U.S. patent nos. 4,688,553, 
4,781,173, 4,832,055,and 5,059,205, 5,984,947 and 6,007,558. 

Several factors have to be considered in designing vein filters. One factor is that 
the filter needs to be securely anchored within the vessel wall, while avoiding traumatic 
engagement and damage to the wall as well as damage to the neighboring abdominal 
aorta. Another factor is that the filter must be collapsible to a sufficiently small size to be 
easily maneuvered and atraumatically advanced intravascularly to the inferior vena cava 
or other target vessel. Thirdly, the filter should direct the blood clots to the center of the 
vessel to improve dissolution of the clot within the vessel by the blood flow. 

It would be advantageous to provide a vein filter that satisfies the foregoing 
parameters. Namely, such vein filter would advantageously have sufficient anchoring 
force to retain the filter within the vessel while providing atraumatic contact with the 
vessel wall, would have a minimized insertion (collapsed) profile to facilitate delivery 
through the vascular system to the surgical site, and would enable migration of the 
captured blood clots to the center of the vessel. Moreover, it would also be advantageous 
to provide a filter that could simplify insertion through the femoral or the right jugular 
vein or arm into the inferior vena cava. 

Additionally, the need for a vein filter in many patients is temporary. In these 
instances it would be advantageous to provide a vein filter that satisfies the foregoing 
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factors and in addition could be readily removed from the patient. It would further be 
advantageous if the filter could be removed minimally invasively, e.g. intravascularly, 
and further advantageous if the filter could be removed from the inferior vena cava in 
either direction, e.g. through femoral or internal jugular vein access. 

SUMMARY 

The present invention overcomes the problems and deficiencies of the prior art. 
The present invention provides a vessel filter comprising a mounting section having first 
and second ends and first and second filtering sections. The filter is movable between a 
collapsed position for delivery to the vessel and an expanded position for placement 
within the vessel. In the expanded position a first end of the first filtering section 
converges to form a first converging region and a second end of the second filtering 
section converges to form a second converging region, wherein the first converging 
region is positioned radially and axially inwardly of the first end of the mounting section 
and the second converging region is positioned radially and axially inwardly of the 
second end of the mounting section. 

The filter is preferably composed of a single tube of shape memory material 
having cutouts therein forming a plurality of elongated struts. Preferably, portions of the 
filter connecting the first and second ends of the mounting sections to the respective 
converging region angle radially inwardly and toward a center of the filter to direct 
particles toward the center. 

In one embodiment, the elongated struts include roughened surfaces to engage the 
vessel wall to increase retention. In another embodiment, a plurality of vessel engaging 
barbs extend from the longitudinal struts to engage the vessel wall to increase retention. 
In one embodiment, the filter has a converging region at a central region of the filter. In 
this embodiment the first and second converging regions and the converging region at the 
central region may each include a tubular region. 

The present invention also provides an apparatus comprising a vessel filter having 
a tubular member having a plurality of cutouts formed therein forming a series of spaced 
apart struts and movable between a first insertion configuration and a second deployed 
configuration. In the second configuration the struts extend substantially longitudinally 
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and form a mounting section extending from a first end to a second end, wherein the 
struts further extend from the first end and from the second end radially inwardly towards 
a center of the filter to form first and second filtering sections such that the filtering 
sections are each positioned nearer a center of the filter than the first and second ends of 
the mounting section. 

Preferably, the first filtering section and the second filtering section each have a 
converging region. The filter is preferably composed of a shape memory tubular 
material. The filter can include a plurality of vessel engaging members. The width of the 
strut of the filter can vary along its length. 

In one embodiment of the foregoing filters, the end portions of at least one of the 
elongated struts are axially offset or out of phase. 

In one embodiment of the foregoing filters, a rib connects adjacent struts. 

The present invention also provides a method of implanting a vessel filter in a 
patient's body comprising the steps of: 

providing a vessel filter having a mounting section and first and second filtering 
sections each terminating in a converging end region; 

providing a tubular delivery member containing the vessel filter in a collapsed 
configuration having a first diameter; 

inserting the vessel filter in the collapsed configuration adjacent a surgical site; 

and 

deploying the vessel filter firom the delivery member so the vessel filter moves to 
a placement configuration having a diameter larger than the first diameter and the 
converging end regions of the filtering sections are closer to a center of the filter than end 
portions of the mounting section. 

Preferably, the vessel filter is composed of shape memory material and 
movement of the vessel filter to the placement configuration moves the vessel filter 
towards a memorized configuration. The method may further include the step of 
removing the implanted vessel filter fi-om the patient's body. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Preferred embodiment(s) of the present disclosure are described herein with 
reference to the drawings wherein: 

Figure 1 is a perspective view of the vein fiher of the present invention in the 
collapsed configuration; 

Figure 2 is a close up view of one end of the vein filter of Figure 1 ; 

Figure 3 is a perspective view of the vein filter in the transitional expanded 
configuration wherein the converging filter portions and the mounting section are in 
substantial axial alignment; 

Figure 4 is a side view of the filter in the transitional expanded configuration of 
Figure 3; 

Figure 5 is a side view of the vein filter in the expanded placement configuration 
wherein the converging filter portions are spaced axially inwardly from the ends of the 
mounting sections; 

Figure 6 is a front view of the vein filter in the expanded placement configuration 
of Figure 5; 

Figure 7 is a perspective view of the vein filter in the placement configuration of 
Figure 5; 

Figures 8 and 9 are side and perspective views, respectively, of an altemate 
embodiment of the vein filter of the present invention shown in the expanded placement 
configuration; 

Figures 10-12 illustrate another altemate embodiment of the vein filter having 
struts with varying widths wherein Figure 10 is a perspective view of the vein filter in the 
collapsed configuration, Figure 11 is a close up view of one end of the vein filter in the 
collapsed configuration, and Figure 12 is a perspective view of the vein filter in the 
expanded placement configuration; 

Figure 13 is an enlarged partial front view of another altemate embodiment of the 
struts having a varying width; 

Figure 14A is a perspective view of an altemate embodiment of the filter having a 
cutout to receive a retrieval snare, the filter shown in the expanded configuration; 
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Figures 14B and 14C are close up perspective and side views, respectively of an 
end of the filter of Fig. 14 A; 

Figure 15A is a perspective view of the vein filter in an expanded configuration 
showing a first embodiment of anchoring elements for anchoring the fiher; 

Figures 15B and 15C are top and side views, respectively, of the anchoring 
elements of Fig. 15 A; 

Figure 16A is a perspective view showing an alternate embodiment of anchoring 
elements for anchoring the filter, the filter shown in the expanded configuration; 

Figure 16B is a close up view of an anchoring element of Fig. 16A; 

Figure 17 is a view similar to Fig 16A except showing another alternate 
embodiment of anchoring elements; 

Figure 18 is a perspective view of another alternate embodiment of the vein filter 
of the present invention with opposing strut end portions out of phase and shown in the 
expanded placement configuration; 

Figure 19 is a front view of the vein filter of Figure 18A; 

Figure 20A is a perspective view of another alternate embodiment of the vein 
filter of the present invention with the intermediate region converging and shown in the 
expanded placement configuration; 

Figure 203 is a perspective view of the vein filter of Figure 20 A in the collapsed 
configuration; 

Figures 21 A and 218 are perspective and side views of another alternate 
embodiment of the vein filter having stabilizing ribs extending between the struts; 

Figure 21C is a side view of an alternate embodiment of the vein filter of Figure 
21 A having staggered stabilizing ribs; 

Figures 22 A, 22B and 22C illustrate delivery and placement of the vessel filter of 
Figure 1 in the inferior vena cava wherein Figure 22A illustrates initial insertion of the 
delivery sheath through the femoral vein, Figure 22B illustrates the delivery sheath being 
advanced toward the inferior vena cava just below (upstream) the juncture of the renal 
arteries; and Figure 22C illustrates the delivery sheath fiiUy withdrawn to place the filter 
in the expanded placement configuration in the inferior vena cava. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Turning now to the drawings, wherein like reference numerals identify similar or 
like components throughout the several views, the vein filter of the present invention is 
described for placement within the inferior vena cava to capture blood clots or other 
particles which could otherwise pass to the lungs. The filter is movable from a low 
profile collapsed configuration to facilitate insertion through the delivery sheath to a 
larger expanded placement configuration to enable atraumatic engagement with the 
vessel walls to secure (mount) the filter within the inferior vena cava. The filter has a 
mounting section forming the outermost transverse boundary of the filter and two 
filtering portions (sections) at the opposing ends of the filter. As described in more detail 
below, each filtering portion is spaced both radially and axially inwardly fi-om an end of 
the mounting section and has a converging region. 

Turning now to details of the filter of the present invention and with initial 
reference to Figures 1 and 2, the filter is designated generally by reference numeral 10 
and is shown in a collapsed configuration for delivery. Filter 10 is preferably formed 
from a single tube. In a preferred embodiment, the filter 10 is composed of shape 
memory material, such as Nitinol, a nickel titanium alloy, however, other materials such 
as stainless steel are also contemplated. A plurality of cutouts 12 are formed in the fiher 
10, preferably by laser cutting although other techniques are contemplated. In the 
illustrated embodiment, six elongated cutouts are formed of substantially uniform width 
creating six elongated strips or struts 14 of substantially uniform width separated by the 
cutouts and terminating in tubular portions 16, 18 at the ends. 

The collapsed configuration of filter 10 reduces the overall profile to facilitate 
delivery to the site. The diameter of filter 10 in the collapsed configuration is represented 
by reference Dl and preferably is about 2mm, and more preferably about 1.7mm. Other 
dimensions are also contemplated. 

Figures 5 and 7 illustrate the expanded placement configuration of the filter 10. 
In this configuration, the filter has expanded to a diameter D2. Diameter D2 preferably 
ranges from about 18 mm to about 32 mm, depending on the internal diameter of the 
vessel wall as will be explained in more detail below. Other dimensions are also 
contemplated. The elongated struts 14 extend substantially parallel to the longitudinal 
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axis L of filter 10 in the mounting section (portion) 15 and are spaced apart as shown. In 
the illustrated embodiment, when expanded, the six struts 14 are shown spaced 
approximately 60 degrees apart. It is also contemplated that a fewer or greater number of 
struts could be provided and spacing other than 60 degrees be provided. The length of 
the struts is preferably greater than the diameter of the filter 10 to provide additional 
longitudinal stability and decrease the likelihood of the filter rolling out of position. In a 
preferred embodiment the longitudinal component of the struts 14, i.e. the component of 
the strut extending substantially parallel to the longitudinal axis of the filter and forming 
the mounting section 15, is about 3.6 cm in length, although other dimensions are also 
contemplated. 

In the expanded placement configuration, each longitudinal strut 14 has an 
elongated (longitudinal component) outer surface 20 for engagement with the vessel wall 
to retain the filter 10 in position in the vessel. The outer surface 20 could be roughened 
to enhance engagement. Alternatively, a plurality of atraumatic tabs, barbs or other 
penetrating members can extend from the outer surface 20 of the struts 14 to engage the 
vessel wall to retain the filter. Figures 15, 16 and 17 show examples of such retention 
features. In Figures 15A-15C, filter 150 has a series of hemispherical cutouts 152 formed 
along the length of the struts 154 forming pointed edges 156 to engage the vessel wall. 
Although shown along the length of the strut 154, the cutouts 152 can alternatively be 
formed only along a portion of the length. The cutouts can also be formed on fewer than 
all the struts 154. 

In the embodiment of Figures 16A-16B, the filter 160 has anchoring elements 
162a, 162b formed by cutouts 163a, 163b at the ends of the mounting section of the struts 
164. Anchoring elements 162a have pointed ends 165a facing in a first direction towards 
the first end of the filter and anchoring elements 162b have pointed ends 165b facing in a 
second direction towards the second end of the filter. In the collapsed configuration the 
anchoring elements 162a, 162b and their pointed ends 165a, 165b are aligned with the 
struts 164, substantially parallel with the longitudinal axis of the filter to maintain a 
reduced profile. When the filter 160 moves to the expanded configuration, the pointed 
ends 165a, 165b face outwardly as shown in Figure 16 A. Anchoring elements 162a, 
162b are preferably placed in the regions of the strut adjacent the curve or bend, as in 
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elements 162a, although other locations are also contemplated such as anchoring element 
162b spaced from the curve or bend. In a preferred embodiment, elements 162b would 
also be placed adjacent the curve or bend in the struts 14. 

In the embodiment of Figure 17, anchoring elements 172a, 172b of filter 170 are 
formed along the length of the struts 174 positioned axial ly inwardly of the opposing end 
of the mounting portion. That is, they are axially inward of the regions of the struts 
where the bends are formed. Anchoring elements 172a, 172b are similar to elements 
162a, 162b in that they have pointed ends facing in opposite directions as shown and are 
formed by cutouts 173a, 173b in the struts 174. They are also aligned with the struts 174 
in the collapsed configuration in the same manner as anchoring elements 162a, 162b. In 
the view of Figs. 16A and 17, anchoring elements 162a, 162b and 172a, 172b can be seen 
on only three of the struts, it being appreciated that they can be formed on all or any 
number of struts. Also, although six struts are shown, as with the other embodiments 
herein, a different number of struts is also contemplated. 

Referring back to Figs. 5 and 7, the filtering sections (portions) of filter 10 are 
designated generally by reference numerals 30 and 40. Each filtering section 30, 40 
extends from the mounting section 20 and is formed by the angled component of the 
struts 14. Filtering section 30 converges at region 32 into tubular portion 16 while 
filtering section 40 converges at region 34 into tubular portion 18. Each longitudinal 
strut 14 extends substantially parallel to the longitudinal axis of the filter in the mounting 
section 15 as described above. The ends 25, 27 of each longitudinal strut 14 bend 
inwardly towards the center C of the filter 10 forming respective angled strut portions 21, 
23. These angled struts 21, 23 thereby each extend both radially inwardly and axially 
inwardly toward the respective filtering section 30, 40. The angled struts 21, 23 
transition to respective curved portions 26, 28, curved in an outward direction to 
transition to the respective tubular portions 16, 18 of the filtering section 30, 40. For 
clarity, not all of these sections of each strut 14 are labeled in the drawing, it being 
understood that the non-labeled struts have the same configurations. 

It should be understood that the longitudinal struts 14 bend as they move from 
their collapsed position to their expanded placement configuration. Their designations of 
longitudinal, angled, curved, etc refer to the same integral strut and are divided into such 



9 



regions for ease of understanding. Therefore, stated another away, the fdter 10 can be 
viewed as having a fihering section 30 at a proximal end and a filtering section 40 at a 
distal end with tubular portions 16, 18 at the proximal and distal ends, respectively. As 
viewed, each of the struts 14 emerges from the tubular portion 16 in curved region 26 
which initially extends inwardly toward the center C of the filter 10 and then curves 
outwardly away from the center C to transition to angled portion 21 which extends 
outwardly away from the center. The angled portions 21 bend inwardly at region 25 to 
transition to the longitudinal component of the strut 14. The struts 14 emerge the same 
way at the other end, namely, extending inwardly from the tubular portion 18, curving 
outwardly in curved region 28, transitioning to outwardly directed angled portion 23, 
curving inwardly at bend 27 and transitioning to the longitudinal component of the strut 
14. 

The tubular portions 16, 18, containing the converging regions of the filter are 
spaced both axially inwardly and radially inwardly from the bend regions 25, 27 which 
are at the end portions of the longitudinal components of the strut. (Axially inwardly is 
represented by arrow "a" and radially inwardly is represented by arrow "b") This can be 
appreciated by reference to Figure 5, wherein imaginary vertical line VI represents the 
two end regions of the mounting section 15, i.e. the longitudinal component of the struts, 
and vertical line V2 represents the end portion of the filtering sections 30, 40. VI and V2 
can also be viewed as tangent lines to the curved region of the mounting section and the 
curved region of the filter sections, respectively. 

The distances between VI and V2 can be varied in design of the filter to alter the 
balance between the radial stretch of the filter and the ability to direct particles inwardly 
towards the center of the filter and vessel. That is, the greater the distance between VI 
and V2, i.e. the greater the angle of the angled portions, the more the particles will be 
directed to the center of the filter and vessel. (Trapping the particles at the center rather 
than the edges of the filter is more desirable because there is less blood flow at the edges 
of the vessel and greater blood flow at the center to better dissolve the particles). 
However, the greater the angle (formed by the angled portion of the strut and the 
longitudinal axis) the less radial stretch of the filter and the decreased ability to 
accommodate a wide variety of vessel sizes. 
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The filters of the present invention are designed to optimize the balance of radial 
stretch to accommodate vessels of different sizes, e.g. 18mm to 32mm, with angled edges 
to direct particles toward the center of the vessel. 

Figures 8 and 9 illustrate an alternate embodiment of the filter where the angled 
portions 21', 23' of the struts 14' are of a greater angle. As shown, the bends of filter 10' 
have a smaller radius of curvature and thus the tubular portions 16' and 18' and filtering 
sections are spaced less axially inwardly from the ends of the mounting section as 
compared to the embodiment of Figure 5. 

Figures 3 and 4 illustrate filter 10 in the transitional expanded configuration as it 
transitions from the collapsed configuration to the placement configuration. In this 
transitional expanded configuration, the converging ends of the filtering sections 30 and 
40 are in axial alignment with the ends of the mounting section, i.e. the ends of the 
longitudinal struts 14. Thus, imaginary lines VI and V2 overlap. After this initial 
expansion, the filter 10 returns to its expanded placement configuration wherein line V2 
lies inboard of line VI as described above and shown in Figure 5. Also, the diameter D2 
of the filter in the expanded placement configuration is greater than the diameter Dl of 
the collapsed (delivery) configuration, but less than the diameter D3 (Figure 4) of the 
transitional expanded configuration. Therefore, in use, once deployed, the filter 10 
moves from the collapsed configuration of Figure 1 to the transitional expanded 
configuration of Figure 3 and then to the expanded placement configuration of Figure 7. 
In the placement (expanded) configuration, the filter 10 moves towards its memorized 
position and the extent it returns to its ftiUy memorized position will be dependent on the 
size of the vessel in which the filter 10 is inserted. (The larger the vessel, the closer the 
filter comes to returning to its ftilly memorized position). Although in viewing Figures 4 
and 5, it appears the length of the strut has increased, in a preferred embodiment, the strut 
length would remain the same as it moves from the transitional expanded configuration to 
the placement configuration. 

To enable movement between an expanded and collapsed configuration, the filter 
tube of the embodiments described herein is preferably made of shape memory metal 
material, such as Nitinol, a nickel titanium alloy. The memorized configuration of the 
filter 10 is shown in Figure 7. To facilitate passage of the filter 10 through the lumen of 
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the delivery sheath 100 (shown in Figure 22 A in conjunction with the method of 
insertion) and into the vessel, cold saline is injected into the delivery sheath or catheter 
100 and around the filter 10 in its collapsed position within the delivery sheath 100. This 
shape memory material characteristically exhibits rigidity in the austenitic state and more 
flexibility in the martensitic state. The cold saline maintains the temperature dependent 
filter 10 in a relatively softer condition as it is in the martensitic state within the sheath. 
This facilitates the exit of filter 10 from the sheath 100 as frictional contact between the 
filter 10 and the inner surface of the sheath would otherwise occur if the filter was 
maintained in a rigid, i.e. austenitic, condition. 

Once ejected from the delivery sheath or catheter 100, the filter is no longer 
cooled and is exposed to the warmer body temperature, which causes the filter 10 to 
return towards its austenitic memorized configuration. 

The filter 10 (and other filters described herein) can be inserted through the 
jugular vein in the neck of the patient or through the femoral vein in the leg of the patient 
or the arm. The filters can also be placed in the superior vena cava. Due to their 
symmetry, they can be positioned in either orientation. As the particles contact the filter 
they are directed to the center by the filtering portion, trapping them in the region of 
higher blood flow to improve dissolution. In either orientation of the filter when 
delivered, the filter portion with angled surface will direct the particles to the center as 
they contact the filter. Thus the use of "proximal" and "distal" herein can be reversed, 
depending on placement of filter. 

Figures 22A-22C illustrate delivery and placement of the filter 10, by way of 
example, in the inferior vena cava. Delivery catheter 100 is inserted through the femoral 
vein "f ' and advanced through the iliac arteries into the inferior vena cava. Delivery 
catheter would be withdrawn once the tip of the sheath is adjacent the structure so that 
withdrawal of the sheath would place the filter in the desired location of Figure 15, 
Tubing 104 and valve assembly 106 enable saline injection. Delivery catheter 100 is 
withdrawn to enable filter 10 to be warmed by body temperature to transition to the 
transitional expanded configuration and subsequently the expanded placement 
configuration. The other filters described herein could be inserted in the same manner. 
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In an alternate embodiment illustrated in Figures 10-12, filter 110 has struts 114 
which are wider, represented by reference letter w, at the elongated mounting region 1 19, 
which extends longitudinally, than at the angled portions 121 and curved regions 126. 
This is preferably achieved by removing material to create the thinner portions. These 
thinner portions increase the flexibility of the filter 110 for forming the angled portions 
upon deployment and the thicker portions increase the surface area contact with the 
vessel wall for mounting of the filter 1 10 within the vessel. Figures 10 and 11 illustrate 
the filter 1 10 in the collapsed configuration with cutouts 1 15 of non-uniform width cut 
into the tube to form the elongated struts 114. As shown, cutouts 1 12 are widest at the 
end regions 1 15, adjacent tubular portions 1 16 and 1 18 and thinner as they extend toward 
the center. This creates the widened region of struts 1 14 when in the expanded placement 
configuration of Figure 12. 

In an alternate embodiment, the filter can have elongated struts which are thinner, 
rather than wider as in the embodiment of Figure 12, at the elongated mounting region, 
than at the angled portions and curved regions. This would provide more stability at the 
curved regions. In the alternate embodiment of Figure 13, three different widths are 
provided. The zone 186 of filter 185 corresponding to the parallel component of the strut 
184 has the greatest width, zone 188 corresponding to the angled portion of the strut 184 
has a smaller width, and zone 189 corresponding to the curved region of the strut 184 has 
an even smaller width. The adjustment of the widths is designed to strike a balance 
between stability and flexibility of the various regions of the filter. Thus, other width 
variations are contemplated such as making zone 186 smaller in width than the zone 188 
and/or zone 189, or providing a different number of width changes within each strut 
and/or in different struts. 

In an alternate embodiment of Figures 18 and 19, the end portions of each of the 
struts are axially offset or out of phase. This offset/radial shift results in particles 
bypassing the first filtering portion being captured by the second filtering portion since it 
is out of alignment. The offset can be achieved by twisting or rotating one of the ends of 
the filter. In one embodiment, the ends are about 30 degrees out of phase although other 
variations are contemplated. Filter 50 has struts 54, preferably six in number, having a 
twist so that the end 57 of each strut at tubular portion 56 is out of axial alignment with 
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its opposing end 59 at tubular portion 58. This can be understood by appreciating an 
imaginary line (not shown) extending from one side of a strut 54 where it extends from 
tubular portion 56 to the opposing side of the same strut where it extends from tubular 
portion 58 would be at an angle to the longitudinal axis of the filter. Thus the filtering 
sections would be out of alignment. In contrast, in the non-offset embodiments, such 
imaginary lines would be substantially parallel with the longitudinal axis of the filter. As 
in the embodiments described above, the filtering portions are positioned radially and 
axially inwardly of the end portions of the mounting sections. The struts 54 have angled 
or curved portions 61, 64 extending radially and axially inwardly and bends at regions 65, 
68 transitioning to respective tubular portions 56, 58. For clarity, not all the struts 54 are 
so labeled. 

In the alternate embodiment of Figure 21 A, connecting ribs 192 connect the struts 
194 of filter 190. This increases the stability of the filter 190. As shown, the two ribs 
192 extend fi-om adjacent struts 194 and are joined at region 196. The ribs 192 curve 
inwardly as shown. The ribs 192 can be arranged so they are axially aligned as in Figure 
21B or can be spaced axially as shown in the embodiment of Figure 21C where ribs 197 
between elongated struts 198 of filter 195 are axially displaced. The ribs can be placed 
between fewer than all the struts and the ribs can be utilized with any of the foregoing 
embodiments. Note that the ribs are shown attached to the struts, however, preferably the 
ribs would be integrally formed with the filter, formed by the laser cutting process 
mentioned above. 

In another embodiment, the ribs could curve radially outward near their tips, thus 
contacting the vessel wall and acting as a retaining mechanism. 

Figures 20A and 20B illustrate another alternate embodiment of the vessel filter 
having a converging intermediate region. Filter 80 is similar to filter 10 except that 
instead of mounting sections extending longitudinally and substantially parallel to the 
vessel wall, the end regions of the struts 89 form the mounting sections as the struts 84 
converge into tubular portion 81 at an intermediate or central portion of filter 80. Stated 
another away, filter 80 has a first mounting section 82 and a first filtering section 83 
positioned between central tubular portion 81 and tubular portion 85 and a second 
mounting section 89 and second filtering section 86 positioned between central tubular 
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portion 81 and tubular portion 87. Barbs, roughened surfaces or other anchoring 
elements can be formed on the outer surface of curved regions 88 of struts 84 to enhance 
engagement with the vessel wall. Note that Hke the earUer versions, the filtering portions 
83, 86 are inboard (radially and axially inward) of the mounting sections 82, 89. The 
struts 84 are preferably formed from a single tubular member with cutouts 91. The ends 
of the strut 84 can alternately be axially offset as in the embodiments of Figures 18 and 
19 and the struts can have varying width. 

The foregoing filters can be inserted through the femoral vein of alternatively 
through the internal jugular vein. It can also be removed from either direction, e.g. from 
access through the inferior vena cava or through the internal jugular vein. Various 
methods can be used to remove the filter such as those described in commonly assigned 
co-pending application serial no. 09/911,097, filed July 23, 2001 and published 
December 19, 2002 as publication no. US 2002-0 193827A1, the entire contents of which 
is incorporated herein by reference, including for example, slotted hooks, graspers, etc. 
A recess or cutout can also be provided at the tubular end portions to receive a snare or 
other device for removal. Such recess is illustrated in the embodiment of Figures 14A- 
14C and designated by reference numeral 70. 

To facilitate removal of the fiher from the vessel, cold saline can be injected onto 
the implanted filter to change the temperature of the filter to move it to a relatively softer 
condition to facilitate the filter being dravm in to the retrieval sheath. That is, injection of 
cold saline will cause the filter to approach its martensitic state, bringing the filter to a 
more flexible condition. The flexible condition facilitates the collapse and withdrawal of 
the filter into the retrieval sheath, by decreasing the frictional contact between the filter 
and the inner surface of the retrieval sheath. 

While the above description contains many specifics, those specifics should not 
be construed as limitations on the scope of the disclosure, but merely as exemplifications 
of preferred embodiments thereof For example, the filters can be inserted in other 
regions of the body. Also, any of the aforedescribed filters can have mounting sections 
of varying thickness. The foregoing filters can be made of materials other than shape 
memory material. Those skilled in the art will envision many other possible variations 
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that are within the scope and spirit of the disclosure as defined by the claims appended 
hereto. 
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